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Summary
Joint instability was believed to be the main cause of osteoarthritis following non-fracture articular trauma. However, sudden high impact load
through articular cartilage onto subchondral bone may also cause osteoarthritic changes.
Objective: We asked whether early osteoarthritic changes following transarticular impact may be depicted using immunoﬂuorescence on un-
ﬁxed cryosections to contribute to a more detailed understanding of degenerative processes of joint impaction.
Design: Transarticular impactswere applied to patellofemoral joints of 12 skeletallymature beagle dogs (age: 15e16months) using a drop tower.
Biopsies of impact areas were sampled after 6 months and processed for standard light microscopy on formalin-ﬁxed sections and for immuno-
ﬂuorescence for collagen type I (col I), type II (col II) and aggrecan (AC) on unﬁxed cryosections. Gross morphology and immunoﬂuorescence
on cryosections were documented using a semi-quantitative scaling system, compared to healthy controls and to standard light microscopy.
Results: Four biopsies showed almost entirely ﬁbrocartilaginous morphology, four appeared to be of preserved hyaline morphology with only
minor signs of ﬁbrocartilaginous remodelling and four showed preserved hyaline appearance. We found decrease in col II and AC expression
in highly degenerative specimens as well as increase of col I expression. Increased col I expression in the pericellular matrix could even be
depicted in specimens with intact hyaline morphology.
Discussion/Conclusion: Observations suggest that joint impaction causes early osteoarthritic changes after 6 months. Collagen network dis-
ruption seems to lead to AC loss, although other researchers found isolated AC loss without denaturation of col II using immunoﬂuorescence
in formalin-ﬁxed specimens. This is the ﬁrst study on effects of transarticular impact using immunoﬂuorescence on unﬁxed cryosections.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Throughout the past two decades different animal models
have been developed to study effects of transarticular im-
pact on articular cartilage and subchondral bone1e7. Initially,
there was a special interest from the automotive industry in
this ﬁeld in order to understand the mechanisms of ‘‘dash-
board injuries’’ to the patellofemoral joint8e10. In further stud-
ies it was found that transarticular impacts below the joint
fracture threshold may cause occult injuries, acute cartilage
degeneration and initiate the development of chronic carti-
lage lesions1e3,6,11. Apparently, damage of subchondral
bone plays a key role in the pathogenesis of articular carti-
lage damage6,12e16. Moreover, chondrocyte apoptosis has
been observed in cartilage lesions caused by impact loads,
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joints and the development of osteoarthritis (OA)13,17e20.
In contrast, other researchers have reported that single
impact loads of as much as half the joint fracture threshold
can be tolerated without cartilage injury at 12 weeks post-
impact21. In this particular study, only a loss of Safranin-O
staining was observed due to proteoglycan loss. Mainly
the impacted cartilage’s superﬁcial zone showed this loss
of Safranin-O staining, without destruction of the integrity
of the cartilage surface.
In a recently developed canine model16,22, we examined
the effect of transarticular impact below the joint fracture
threshold to the subchondral bone, using speciﬁcally devel-
oped magnetic resonance imaging (MRI) protocols and
standard light microscopy. We observed a signiﬁcant loss
of proteoglycan content as depicted by a loss of stain above
former subchondral bone bruises. Loss of typical cartilage
morphology was also observed, especially in the deep
and radial zones of the cartilage16.
We therefore asked, whether or not these ﬁndings could
also be depicted using an immunohistochemical approach1
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insights in pathologic pathways following transarticular im-
paction with this method and therefore contribute to a better
understanding of the pathology of OA.
Material and methods
ANIMAL MODEL AND IMPACT LOAD DELIVERY
A standardized and reproducible method was used to
create a transarticular load of the patellofemoral joint in
a group of 12 skeletally mature beagle dogs (2 males, 10
females; weight: 14.8 kgG 1.3 kg; age: 15e16 months).
They underwent a sudden impact of one patellofemoral joint
with an impact load that was able to produce subchondral
damage without macroscopically detectable cartilage sur-
face ﬁssures. The non-impacted joints were used as con-
trols in every animal. Exclusion criteria were pre-existing
intra-articular lesions or true joint fractures.
In a previous study16, an animal model was developed to
produce subchondral lesions of the knee joint. Forces be-
tween 1800 N and 2500 N were found to be low enough
to not produce immediate macroscopic damage of the car-
tilage but high enough to create microfractures within the
subchondral trabeculae. The applied forces in this study
were reproducible under standardized conditions on fresh
cadavers of adult beagle dogs. Articular structures including
the hyaline cartilage were intact prior to experiments.
The transarticular load was applied to the patellofemoral
joint of a completely ﬁxed knee joint of an anaesthetized
dog by a drop tower device (see Fig. 1). The dropped
mass was of 2.1 kg with a load-transmitting rod-tip with a di-
ameter of 19 mm (adapted to the dog’s patella), a load-cell
(Kistler Swiss Type 5001) and a force-transducer (Kistler
Quarz). The transmitted loads were recorded on an oscillo-
scope with settings of 0.5 ms/div. and 0.5 V/DN (1 V/
1000 N). After the animal was anaesthetized it was posi-
tioned in lateral recumbency with the hip abducted and
90( ﬂexed. The tibia was held in 100( of ﬂexion in the
knee joint and the whole lower extremity was secured rigidly
with the thigh positioned in a frame. The force was applied
by dropping the mass. Applied forces ranged between
2010 N and 2170 N (meanZ 2101 N). Peak forces were
reached after approximately 1.5 ms. Plain radiographs in
sagittal and axial views of the pre-impact state were per-
formed using a standard image intensiﬁer for a correct per-
pendicular impact. The force was induced by dropping the
mass.
Fig. 1. Overview on experimental setup. X-ray control in the back-
ground, drop tower with ﬁxed right rear limb in the foreground.To prove effect of impact and exclude the possibility of
intra-articular lesioning or fracture, we performed an MRI
4 h after impaction. Subchondral microfractures and bleed-
ing (‘‘bone bruises’’) were also made visible by MRI. We
used both a fat-suppressed Turbo Inversion Recovery mag-
nitude (TR/TE 420e535/12e17 ms, slice thickness 3 mm,
240! 256 matrix (sagittal)) and a T1-weighted SE se-
quence (slice thickness 4 mm, TR/TE 6194/60 ms (sagit-
tal))16,22 (see Fig. 2).
The dogs were housed in groups of two in kennels with
an outdoor area. The animals were fed a standardized pel-
leted diet and water was available at all times. One day be-
fore surgery the animals were fasted but given free access
to water.
General anaesthesia was induced with 0.3 mg/kg Mida-
zolam (Dormicum) i.v. followed by 5e6 mg/kg Propofol
(Disoprivan) i.v. and, after endotracheal intubation, main-
tained by the i.v. infusion of 0.3 mg/kg/min Propofol and
repeated i.v. bolus of 0.05 mg/kg Fentanyl (Fentanyl-
Janssen). At the end of anaesthesia and for the next 3
days they received Caprofen (Rimadyl) s.c. 4 mg/kg
once daily to achieve post-operative analgesia.
The study was performed according to the German law
for animal protection and had been approved by the
‘‘Ethik-Kommission der Universita¨t Freiburg’’ (Review Board
for the Care of Animal Subjects) at the ‘‘Regierungspra¨-
sidium Freiburg’’ (Board of Governors, Freiburg, Germany).
BIOPSIES AND PROCESSING
Permission to kill the dogs was denied by the ethical com-
mission so we had to minimize the lesions induced by sam-
pling cartilage specimens. Animals had an open knee
surgery after 6 months using the same anaesthesia protocol
as outlined above. Osteochondral biopsies were taken from
both the area above the former subchondral lesion and the
corresponding area of the non-affected knee joint using
a core cutter with a diameter of 3 mm. The sections were
ﬁxed in a standard formalin solution used for microscopy
purposes, decalciﬁed in ethylenediaminetetraacetic acid
EDTA, dehydrated and embedded in parafﬁn for standard
white light microscopy. Sections were cut at 5 mm and
stained with hematoxylin-eosin, van Gieson, Safranin-O,
PAS and Alcian-blue using standard methods.
For cryosections, pure cartilage samples of the immedi-
ate adjacent area as stated above were harvested using
a scalpel. Cartilage was detached carefully from the under-
lying subchondral bone without taking pieces of bone with it.
Specimens were transported in a buffered 5% sucrose so-
lution (Merck, Darmstadt, Germany) and cooled at approxi-
mately 10(C. Each specimen was processed no later than
60 min after harvesting. Specimens were immersed into
a 15% sucrose buffered solution for 30 min followed by a ﬁ-
nal immersion in Tissue-tec Medium (Leica Instruments
GmbH, Nußloch, Germany) for 60 min. Finally, specimens
were transferred to 1.5 cm! 1.5 cm! 1.0 cm aluminium
foil boxes and deep frozen in Tissue-tec medium using liq-
uid nitrogen at 195(C. Cryosections of 20 mm thickness
were cut on a cryotome (Jung CM 3000; Leica, Bensheim,
Germany) and transferred to gelatinized slides.
IMMUNOSTAINING
Before staining cryosections were thawed at room tem-
perature in a moist incubation chamber. After preincubation
with 1% bovine serum albumine (BSA), primary antibodies
173Osteoarthritis and Cartilage Vol. 14, No. 2Fig. 2. Left: Discontinuity (arrow) of articular cartilage surface with subchondral signal rise due to subchondral bone oedema after impaction
(FLASH 3D). Right: Discontinuity of hyaline cartilage surface of the lateral condyle (arrow).were applied for 1 h. For the detection of aggrecan (AC),
a mouse anti-AC monoclonal antibody (MAB 2015, 1:200;
Chemicon, Hofheim, Germany) was applied. This antibody
shows broad species cross-reactivity and speciﬁcally binds
to the core protein23e25. After three washes with PBS-buffer,
a Cy3-coupled goat anti-mouse antibody (red ﬂuorescent;
1:200; Dianova) was used as secondary antibody for 1 h.
For nucleus staining we used YoPro (MolecularProbes Inc,
Eugene, OR, USA), a DNA-dye, in a 1 nM solution. After
60 min of incubation specimens were washed again three
times with PBS-buffer before being mounted under 179 mm
coverslips using Mowiol (Hoechst, Frankfurt, Germany).
For detection of collagen type II (col II), staining was pre-
ceded by incubation of the specimens with a hyaluronidase
solution (10,000 U hyaluronidase/ml; Sigma Chemicals,
Saint Louis, USA) for 150 min at 37(C. Thereafter, speci-
mens were again preincubated with a 1% BSA solution.
A rabbit-anti-bovine collagen type II polyclonal antibody
(AB 746P, 1:200; Chemicon) was used. After three washes
with PBS-buffer, the secondary Cy3-coupled goat anti-rab-
bit antibody (red ﬂuorescent; 1:100; Dianova) was applied
for 1 h. We also applied tyramide signal ampliﬁcation
(TSA), using a secondary peroxidase-conjugated antibody
(1:100; Dianova) that reacted with TSA-Cy3 (1:50; NEN
Life Science Products, Boston, USA) for 15 min.
For the identiﬁcation of collagen type I (col I), a rabbit-anti-
bovine collagen type I polyclonal antibody (AB 749P, 1:200;
Chemicon) was used, following the same protocol as above.
In Cy3-ﬂuorescent sections, bisBenzimide (0.01 M; Sig-
ma Chemicals, Saint Louis, USA) was applied for 1 min, fol-
lowed by three ﬁnal washes with PBS.
Controls were performed by omitting either the primary or
the secondary antibody.EPIFLUORESCENCE
For epiﬂuorescence we used an Axioskop (Zeiss, Ober-
kochem, Germany). It was equipped with a ﬁlter unit BP
450e490/FT 510/LP 520 for green ﬂuorescence (Cy2),
BP 510e560/FT 580/LP 590 for red ﬂuorescence (Cy3,
TMAP), UV excitation for bisBenzimide (blue) and blue ex-
citation for YoPro (green) visualization. PlanNeoﬂuar 10!,
20!, and 40! objectives were used for microphotography
on Kodak Elite 400.
QUALITATIVE AND SEMI-QUANTITATIVE EVALUATION
Immunoﬂuorescent sections were evaluated by two of the
authors (JS and EM). Morphology and immunoﬂuorescent
signalling were examined using a 10!, 20! and 40! optic
and observations were compared using a semi-quantitative
rating scale (see Table I). Cartilage integrity was assessed
by observing the degree by which the typical zonal structure
of articular cartilage (superﬁcial zone e radial zone e deep
zone e calciﬁed zone) was preserved.
Total cell numbers were counted using an unbiased
counting rule in a rectangular frame of 340 mm! 230 mm
using a 20! optic. The frame was placed within the radial
zone of the cartilage as accurately as possible. YoPro- or
bisBenzimide-stained nuclei were counted.
Results
MACROSCOPIC APPEARANCE
The gross macroscopic morphology after 6 months re-
vealed no changes in dogs 3, 4 and 11 but a matt cartilage
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Summary of morphology and signal intensity of immunostaining on cryosections
Overall morphology CD Col I signal Col II signal AC signal Matrix morphology
Dog 1 Fibrous  CC CC C Disrupted
Dog 2 Hyaline  (clusters) C CCC CCC Structured
Dog 3 Hyaline-like Z C CCC CCC Structured
Dog 4 Hyaline Z C CCC CCC Structured
Dog 5 Hyaline-like  CC CC CC Disrupted
Dog 6 Hyaline-like  CC CC CCC Structured
Dog 7 Fibrous C CCC C CC Disrupted
Dog 8 Hyaline  CC CC CCC Structured
Dog 9 Fibrous  CC CC CCC Disrupted
Dog 10 Fibrous with hyaline spots  (clusters) CCC CC CC Disrupted
Dog 11 Hyaline Z C CCC CCC Structured
Dog 12 Fibrous  CCC C CC Disrupted
Control Hyaline Z o CCC CCC Structured
Overall morphology:CCC: very intensive signal;CC: moderate signal;C: low signal; o: background signal; CD: : lesser CD compared
to control; Z: CD comparable to controls; C: higher CD compared to control.surface with slight softening in the areas with a decreased
shine in dogs 6, 9 and 12. Fissures and surface irregularity
could be observed in dogs 2, 5, 7, 8 and 10, partially with
circumscribed gross disruption and some superﬁcial clefts
(dogs 7 and 10) in dogs. Only in dog no. 1 some small os-
teophytes in the trochlea could be identiﬁed.
Immediate post-impact MRI revealed no clefts or disrup-
tion of the cartilage itself. These results were consistent
with the results from the pilot study16.
Patellae were not affected by the impact application. We
could neither depict impact lesions in the subchondral bone
nor in the cartilage of the patellae.
MRI AND CLINICAL SYMPTOMS
In all 12 impacted knee joints we could detect signal
changes in the post-impact MRI resembling subchondral
microfractures of trabeculae without intra-articular lesion-
ing. There were only very minor inter-individual differen-
ces in the extent of the bleeding and the appearance of
the microfractures. Noticeable but minor differences could
be depicted in the extent of the subchondral oedema.
The subchondral bone plate remained intact in all 12
animals.
All dogs were lame for approximately 2e3 days after the
impaction. They recovered quickly thereafter and there was
no noticeable change in the dogs’ gait.
GROSS MICROSCOPIC MORPHOLOGY
Four of the biopsies did not show the typical characteris-
tics of hyaline articular cartilage anymore. Tissue of these
specimens resembled an almost complete remodelling to ﬁ-
brocartilage. We observed a completely disrupted network
of ﬁbrils. Overall, cell density (CD) was lower compared to
control biopsies. However, in one case we observed a rela-
tively high CD within the impacted cartilage.
Four biopsies appeared with very early signs of degener-
ation in some areas but with intact hyaline morphology in
others. We observed the partial loss of typical arrangement
of chondrocytes in columns within the radial zone of the car-
tilage. Another renowned sign of degeneration observed in
these specimens was cell clustering as well as few islands
of ﬁbrous remodelling (see Fig. 3).
One biopsy (dog no. 10) showed more ﬁbrous remodel-
ling than the four described above, but still preserved areasof hyaline cartilage. Especially the ﬁbrous areas contained
numerous cell clusters. The CD was lower compared to
control biopsies of the contralateral joint (see Table I).
Three biopsies showed a completely contained hyaline
morphology. Even in comparison with the control biopsies
there were no apparent signs of degeneration (see Table I).
COL I EXPRESSION
The qualitative identiﬁcation of col I correlated grossly
with the observed morphologic changes described above.
Those specimens showing major ﬁbrous remodelling also
showed an intensive signal for col I throughout the biopsy
with a maximum in the ﬁbrous zones. In those areas
a very chaotic arrangement of ﬁbrils could be depicted.
Fig. 3. Saf-O staining (200!) with area of ﬁbrous remodelling after
subchondral bone fracture. Note loss of staining within remodelling
zone (arrow). Scale bar: 100 mm.
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col I in the specimens with preserved hyaline morphology
(see Fig. 5).
In one biopsy, which showed a largely contained hyaline
morphology, we could see an intensive signal for col I in
the direct pericellular matrix. The contralateral biopsy
showed a low signal for col I in this case (see Fig. 4 and
also Table I).
COL II EXPRESSION
The qualitative identiﬁcation of col II correlated also
grossly with the observed morphologic changes. Biopsies
with contained hyaline morphology showed clear signals
for col II (see Fig. 5 and also Table I). Still, biopsies with
zones of ﬁbrous remodelling also showed detectable sig-
nals for col II, even within the zones of ﬁbrous remodelling.
Two specimens showed an almost complete loss of col II
signals, which correlated with a mostly ﬁbrocartilaginous
appearance of those specimens. This also correlated with
the ﬁndings of the conventional light microscopy of those
biopsies.
Three specimens showed a lower signal for col II com-
pared to controls, although they appeared to have a pre-
served hyaline morphology.
AGGRECAN EXPRESSION
Specimens with gross degeneration also showed a very
irregular signal for AC. A gradual decline of AC from the cal-
ciﬁed zone up to the superﬁcial, as seen in most of the con-
trols, could not be detected anymore (see Fig. 6 and also
Table I).
Besides an overall lower signal for AC in impact biopsies,
numerous areas within these biopsies showed a particularlylow signal for AC. Only one specimen showed a similar sig-
nal for AC compared to control, although resembling a ﬁbro-
cartilaginous gross morphology.
Those biopsies with partly preserved hyaline morphology
also had an unaltered signal within the extracellular matrix
(see Fig. 7). Nevertheless, one impact-biopsy with a hya-
line-like gross morphology showed a lower signal for AC.
This correlated with a lower signal for col II and increased
signal for col I in this specimen.
COMPARISON OF IMMUNOFLUORESCENCE
TO CONVENTIONAL LIGHT MICROSCOPY
In this study, we mainly used the standard light microsco-
py as an additional standard technique to visualize gross
morphology.
Comparison of the impacted areas with immunoﬂuores-
cence and conventional light microscopy showed similar re-
sults regarding gross microscopic morphology. Additionally,
every biopsy, which showed a low or spotted signal for AC
also showed a loss of Saf-O matrix uptake in standard light
microscopy.
Discussion
Due to continuous research in the ﬁeld of joint impaction it
is understood that a single impact below the joint’s fracture
threshold may cause onset of articular cartilage degenera-
tion1,5,6. Although this was partially disputed by other re-
search groups21, similar results were documented by
other authors6,7,26e28.
Most recently, improvement in articular cartilage imaging
using MRI enabled researchers to depict acute and early
changes especially in the subchondral bone following jointFig. 4. Left: Intensive immediate pericellular signalling for anti-col I (white arrows) after articular impaction. Black arrowhead resembles a chon-
drocyte. Black arrows point on YoPro signal from nucleus staining (anti-Col I-Cy3 [red]; YoPro [yellowegreen]; 400!). Right: Contralateral
comparison with very low signal for anti-col I. White arrows pointing on cells (anti-Col I-Cy3 [red]; YoPro [yellowegreen]; 400!). Scale
bar: 25 mm.
176 E. H. Mrosek et al.: Subchondral bone trauma causes cartilage matrix degenerationFig. 5. Left: Minimal damage after articular impaction resembled by a very low signal for anti-col I (anti-Col I-Cy3 [red]; YoPro [yellowegreen];
100!). Right: Highly positive signal for anti-col II and preserved hyaline morphology (anti-Col II-Cy3 [red]; YoPro [yellowegreen]; 100!).
Scale bar: 100 mm.impaction. However, the nature of the degeneration cas-
cade in hyaline articular cartilage after impaction has not
yet been fully understood.
The current study suggests that the earliest sign of carti-
lage degeneration due to joint impaction is the loss of col II
synthesis and the onset of the col I synthesis, since speci-
mens which still resembled a mostly hyaline morphology
showed higher signals in col I and decreased col II signals
compared to controls. A highly visible loss of AC seems to
follow the degeneration of the collagen ﬁbril network. Bor-
relli et al.21 have reported proteoglycan loss after 6 and
12 weeks without ﬁnding a signiﬁcant loss of col II in immu-
noﬂuorescence on formalin-ﬁxed specimens. Our study,
however, clearly shows the concomitant degeneration of
both the collagen network and matrix proteoglycans and
suggests the initiation of this process due to a decrease
in col II and increase in col I synthesis. Studies with even
earlier biopsy time points may reveal further details of this
degenerative cascade.
In a study by Thompson et al.7, a loss of proteoglycans
could be seen by a decrease in Safranin-O uptake as
soon as 2 weeks after impact and remained to be visible
as long as 24 weeks after impaction of the joint. They ex-
plained their observation by the fact that mechanical de-
struction of collagen ﬁbrils must cause a loss of
proteoglycans, since these molecules are bound to col II ﬁ-
brils within the extracellular matrix. They observed clefts
within the cartilage surface after the force was applied.In contrast to their observation, we observed only minor
mechanical disruption and could still detect a loss of AC
signalling. Borrelli et al. also saw a loss of Saf-O staining
without seeing a mechanical disruption of the collagen
network. In addition, they used an antibody, which recog-
nizes denatured col II to detect collagen degeneration.
Only the animal group which had the highest impact load
applied, showed an increased signal for denatured colla-
gen. The authors could not ﬁnd signiﬁcant differences
between the other groups, concluding that collagen degen-
eration did not take place to a higher extent. Their speci-
mens were ﬁxed in formalin prior to immunolabelling. Our
loss of AC signalling is well explained as a consequence
of the degeneration of the collagen network, as a low signal
col II was always accompanied by a loss of AC also. This
phenomenon is consistent with the results from in vitro
studies28.
We could show by MRI evaluation that all dogs devel-
oped acute subchondral bleeding and oedema as well as
microfractures of trabeculae but no visible damage to the
cartilage itself. Therefore, one might assume that impaction
of subchondral bone with the described alterations may trig-
ger and maintain the development of cartilage degenera-
tion. It was shown before that subchondral osteoblasts
show an altered phenotype and might contribute to the de-
terioration of collagen ﬁbrils by releasing inﬂammatory me-
diators29. In vitro studies simulating OA by culturing
cartilage explants in the presence of Interleukin-I showed
177Osteoarthritis and Cartilage Vol. 14, No. 2Fig. 7. Zone of ﬁbrocartilaginous remodelling (black arrowhead)
with dark areas resembling loss of anti-AC-signal. White arrowhead
points into area of preserved hyaline morphology. Black arrow
marks the border between damaged area and ‘‘healthy’’ articular
cartilage (anti-AC-Cy3 [red], 200!). Scale bar: 50 mm.
Fig. 6. Almost completely ﬁbrocartilaginous appearance of
impacted cartilage with irregular matrix structure (black arrows).
Dark areas resemble loss of anti-AC signalling (anti-AC-Cy3
[red], 200!). Scale bar: 50 mm.solely early proteoglycan degeneration without deterioration
of the collagen network. Rapid dissolution of the collagen
network followed 4 weeks thereafter with concomitant in-
crease of matrix metalloproteinases activity30. Still, it re-
mains cryptic, whether or not joint impaction causes early
release of Interleukin-I which then may initiate cartilage
degeneration.
Stiffening of subchondral bone may also lead to OA as
shown before31. Chondrocytes of the deep zone in articular
cartilage partly rely on nutrient supply from the subchondral
bone31,32. As shown by other groups most recently, apopto-
sis is one of the cardinal characteristics of osteoarthritic car-
tilage after cyclic compression of explanted cartilage
specimens in vitro18,28. Subchondral bone sclerosis may
well be a trigger for this phenomenon by simply depriving
cells from nutrients. Still, the underlying mechanisms have
not yet been revealed.
Although we observed comparable acute subchondral
damage, variability of cartilage deterioration in the current
study was apparent. Reasons for this phenomenon can only
bespeculatedupon.Examinationof the individuals at even lat-
er timepointsmight reveal onset of cartilage deterioration in all
animals. There were no identiﬁable differences between res-
ponders and non-responders in the current study. One reason
might simply be varying pre-existing stability of the subchon-
dral bone trabeculae and thus a lesser degree of damage
which could not be depicted by MRI. Different individuals
mayalso havea different inﬂammatory response to such dam-
age and thus, differ in onset of deterioration.
To date, this is the only study using immunoﬂuorescence
on native, unﬁxed cryosections to depict effects of transar-
ticular impact on articular cartilage. We believe that this
study contributes to a more detailed understanding of the
development of osteoarthritic changes in articular cartilage
after joint impact trauma.
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